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Box III TEXT OF THE ABSTRACT (Continuation of item S of the first sheet) 



A reconnaissance system that comprises a projectile (10) that has an 
opening (17) through which images of a target area can be acquired. The 
projectile (10) is launched from a portable launcher (30) towards the 
target area, and comprises image acquiring means (13,14) for acquiring 
images of the target area through the opening (17) and for transmitting 
the images to a remote station (70) ; means for stabilizing the projectile (1 
and/or the image acquiring means (13,14) while flying in a nearly-parabolic 
trajectory above the target area; and a remote station (70), for receiving 
and displaying the transmitted images that comprises a monitor (71) for 
displaying the transmitted images. 
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© Ankle .15 
A incchanicjt"di.yicc lor fedtKajig die srnrj of » 
satellite consists of two mawjs m attached to 

released and acquire additional angular monicii- 
itim at the expense of the angular inoiiieiiliim ol 
the satellite. The mas-.es ate then released when 
unwound, l.ach lape has a Vnglh AV> anil i> 
| ftMened lo its point I. If the satellite is spinning 

i al an initial speed when ihe masses are re- 

| leased with p = n. determine the rate /'{ of un- 

} winding and lind the new angular velocity of 
! Ihc ^telliie when /! -= .... The nmmem of inertia 

j of the salcllilc esclu.-ive of Ihe m\ is /. (///,,/. 
I Kt|iiate.ihe angular momentum .md (he kinelie 

energy ol lite >ysiem 10 their respective initial 
; values.) n - w.eonMani 

i _ I_: ImKH I <j>-i) 

j ' I - 2n,HM I 1 s v) 

'WW The iwo slender kjrs each having a mass of* kg 

I are hinged at R mid pivoted al ( . If a horizontal 

j. impulse of (j ,/, = 14 N-v is applied to the end 

; I of the lower bar during an interval of 0.1 s 

; during which Ihe hars Lire Mill wenually m their 

j vertical rest positions, compute the annular vc. 

i locih of iliu upfHsr bar immediately after the 
''"pulse. .1/l.r. *.-., = 2.50«dA 
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load-carryiog suction of the fuselage, compromisioe the 
veh.cle|s overall utility A third technique is toWn/e the 
wing (Fig. 1<0 such that it lies on die fuselage in itsfalded 
poafop. If the space between the 6^ and cyUniS 
coastoim is small the wing's span is severely linSJs^ 
surfacer*' CM 0ft * n be ,0 tokI me »»*«>• 

A novel wins design which can be easily hinsed and 

folded position, the wmg rests on the cylindrical fuselage 
When deployed, the two semi-spans simply ' ■ 
huige along the top of the fuselage and a , 
of two cylinder segments evolves. The 



solutions for the velocity potential Ward shows that 



>n for the c 



(2) 



re of the 



where is a core 

body's cross-sectional area air; ana «_,(t) is the residue 
of the complex potential for the inner solution; that is, 
the constant-density crossflow. Ward also derives an ex- 
pression for the complex moment about the nose of a 
slender body which is 



from slender-body theory 



combination Although the assumptions of sltnd.^h^C 
X^.^*".*™!* » "Mvely fe*t*ew£L 



• ' V Cte) i. (z.) + S (z.) (z.) z,-S (z B ) g, (*„)] } . (31 
The co-ordinate system used in this study is illustrated 
Fig 2. The lift is the force a 




iracterised by slowly changing 

, ™ u» streamwise direction such 

° . " «P«:t ratio or a fuselage with a small 
in powers of a "* vdoci,y f° tm ^ ««eUon 

wsVor Z»L MS ^ f parameter as body thick- 
repeal ' ^ * e »££ term, 

W beci^S <USta " Ce ' fr ° m s,Md « body the flow 
^SS^ equal W "".low »nS 
odv h»v™. ~T, e cro„. secaonal 



The distance of the centre of pressure from the nose 
found by dividing the moment by the negative lift force 

The complex potential for the constant-density cros 
2l 0f T -° »' bod y (0 atisfy me 
hnwT„ .. - SOlVS ' or 0,18 «°»flow complex potential, 
a£Z« SAT° «« »oIve the problem 
assuming the bodv ic Br ».» .j i j , 



for the co UUC1 

only by an fef term 
teJS'fP* 00 for eonrtMt density crossflow can be 
~ J2f ■ 0B^O^,na, ^""nations •» wrJchfce 
« B mapped onto a plane for which an ele- 
STS2 5 t ti S a iS , ! 0SSibIe - &nsidw *■ *™ around 
ne tase plane, J„ shown in Fig . 3a with 



The solution for the flc 



&c satlsBed. 

^r:,:r r \i a ;^r b p y" ^ f °~ «** - 



becomes'an infi'nite"^^^' .T° Wn ™ " wh " e «"» bod y 



ST 269, i he flow iD *• Mane transforms into 
nMr an ,nfiaile wa" i" the {..plane The doublet. 




rbouWrt Jl 



h b] {,-plan. 
Unitcirele^ J /■ Oou * 



«.-■ ^ijr- - ,,i«<n-i) 

fl („_5) 15 r)'-l(h,+3 
Inverting eqn (14) for «=«<&), that is 

C,= 2irir/«i 
C,- 

C,- 8ht»r'ta." l -2«. , )/«i i 
and substituting into eqn. (13) gives the following ssymp- 
totle expansion for was t,-»-°0 



f/ewe 3. Conformal transformation o( wing-body cra»- 
section at iha base plana into an Infinite wall 

which represent* the uniform flow at infinity in the 
plane, Ilea on and is tangent to a unit circle centred at the 
origin of the {.-plane Replacing the wall by ano uW 
doublet, the complex potential in the {.-plane a found to 

whece m is the dou 
tion of the doublet 



( 9 ate 12-: 
ietffl/l-lV 



doublet strength and 8 is the angular loca- 
iblet on the unit circle As the wing apan is 



truncated, corresponding to stations forward oi ine o«« an o 
plane, the slits in the {,-plane move away from the ^wali 
and doublet while, in the fc-plane, UK doublet move, along 
the unit circle toward the y r axis. In the limit of no wag, whf 



+ s«a( fl sui J 9/2+iF| 

For the crossflow at the base, for which 6=70-86-. the 
residue has the value 

....oaWcrVf ■ f" 

which when used in eqn (6) results in a lift coefficient o 
C t -1-MA« (19 > 
and a lift curve slope of 

C-190A ... (20) 
Ah me a^t ratio Thus , * ■J*"™*°&£ 



In order to compare the urt and " ^ 



idue can De aetermineo ojr ='"«-~"> - 
doublet in me {,-plane and relating (, t 

{,-»+€, - - < t: 

Ito eqn. (11) 

0<|6|< l> 



plSorm, » span tr*. 

g«^^5^Sf^^ 



v> - >*" ^ e-» V / fe Y (16) 

eqn (12) and the transformation eqns (» and 
flowing asymptotic relation between t and £, 



2wr/£ 1 =n 1 e+« J « , +nj« , +° («"> 



the cylinder-segment wing t i 35% high 

the high-wing design and 50% higb« «mi»r« e aero _ 





! <f by slender body theory This 
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Experimental si 



^iSLf^L 1 "^ 0 " °f ™« lift dmractabfa 



J'" v ™? te '» forward velocity « i suel, ^ r ° Wov<!r - if 
analysis is leading rf™^ n «»«»" for k the p r ££ 
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shown to exist in the orange *.„,<«< 4" for «< r - 0«, r, and 
2 also would exist Tor other intermediate upvalues. It is hard 
to v,sualize any flow phenomenon that would invalidate this 
assumption On the other hand, the local slopes used at 
«-«Ur 'n obtaini— •<•- 
dCjaatr-dCJda; . 
assumed to be zero, dx T ,/dtc = 

Carpet-plotting the data 3 also for the other blowing rates 
gives the results shown in Fig 4 At all blowing rates the 
destabilizing effect of asymmetric blowing is largest at small 
angles of attack near «, T = 0 One notices with some concern 
that the C_(«)-slope is negative for zero blowing rate, contrary 
to the measured effect of "free" asymmetric transition on a 
smooth solid model - The reason for this anomaly is the 
"breathing" through the porous skin It has been found that a 
porous skin model has substantially less C„ than a solid 
model,' ' an effect that can be visualized to result from reduced 
streamline displacement due to in-flow throueh the high pressure 
side of the porous skin model Here, in lhe~case of the asym- 
metric porous skin configurations for o.„ = ]" and ot,, =. 2' 
this would mean that the porous skin side is less effective in 
displacing the frcestream and, as a consequence, a loss or leeside- 
lo-windward-side pressure differential results The associated 
gain in aft body normal force explains the statically stabilizing 
effect of asymmetric porous skin geometry shown in Fig 4 for 
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Cylindrical Wing-Body Configurations 
for Space-Limited Applications 




capability which can be 

•EaW VeWcte Motion" Jou^^^ZT^J A 5l0red in a limiWd s P ace ttSuai l>' involves l "' "» of lifting 

c ,5, May m. pp "^Usf ° ! S,maC ""' ""' »*-» em be hinged or folded to satisfy the volume 

*n. L E , Transition Effects on Slender Vehicle Stability constrainl Several concepts for hinged and foldable wings are 

Characiensiics, loumal of Spacecraft and Roduu. Vol 1 1, well-known One such concept is the "scissor wing" which is 

i 1974. pp 3-io hinged about its leading edge and swings out from a cavity in 

ransilion Effects on the Sialic the fuselage The primary disadvantage of this design is the 

a Slender Vehicle," SAMSO reduction in load-carrying capacity and over-all utility or the 

" s "*"" Los vehicle due to the cavity in the fuselage Another concept is 
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pp l M7"sn" M ' ° !S,aaC "*' ani Vol 9. No 7, July 1972, 
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the fuselage The parewing is difficult to deploy at high speeds 
and has a characteristically poor lift-drag ratio precluding high 
performance cruise operation A third design possibility features 
flat wings hinged near the fuselage which, in the folded position, 
rest against the surface or the fuselage The disadvantage of this 
particular design is the limited span available, especially ir the 
vehicle is to be stored in a cylinder The hinged wing, however, 
can be used effectively as a control surface Another design' 
which has been proposed in connection with re-entry vehicles 
consistsofconical-shapedwingsmouotedonahalf-coneruselage ' 
By mounting these wings on hinges at the fuselage, they can be 
folded against the fuseisge to facilitate vehicle storage 

A promising design concept for hinged wings, studied by 
Crowell and Crowe, 2 is illustrated in Fig la The wings consist 
3f two ta prnt ^micylinders which hinge along the top of the 



The span and the attendant lift can be increased considerably 
by mounting the scmicylindrical wings on the side of the fuselage 
as illustrated in Fig lb to this case the span is three times the 
lx>dy diameter which, according to slender body theory, would 
result in a lift more than twice that obtained from the top-hinged 
wings at the same angle of attack When not deployed the wings 
would wrap, one upon the other, around the underside of the 
fuselage/The purpose of this Note is to determine analytically 
the Irft characteristics of such a wing-body configuration / ' 

Analytic Approach 
Slender body theory is used to predict the lift force A slender 



low aspect-ratio wing Expanding the velocity potential in powers 



ratio) and retaining the lowest order terms, Ward 1 shows that: 
• . ThB flow at infinity for any general slender body becomes 
asymmetric and equal to the flow at infinity around an equiva- 
lent axisymmetric body of revolution; and 2) Near the slender 
body, the flow differs from that around the equivalent body of 



■fc^M (i) 

• • e wf.2) is the « 



. . J plane) The variable {(r) is a c 

function for the center of the body's cross-sectional area, 
with respect to the s-axis. S-(z„) is the rate of change of the 
body's cross-sectional area at the base plane which is zero for the 
-~« -•• here. Evaluating the 
m. the equation for lift 



ir integral by the residu, 
— "Ml as 

I.-pfV'«{^-,W-taSW] 



(2) 



The tangency condition requires that the normal velocity 
componentat the surface be equal to {•(.-,). the velocity at infinity 
being zero It is more straightforward, however, to let the normal 
velocity component be zero and the velocity at infinity be 
- {'(zj The residue is the same for both cases 
The cross section of the wing-body configuration at the base 
m m Fig 2a It is assumed that the side-slip angle 



itnactadiniide the body to guarantee that the cylindrical fuselage 



The analysis can bt 
into a vertical slit usin 

Z.-Z.-l/'/Z,) (3) 
where r is the radius or the fuselage The wings transform into 
near circular arcs connected to the body at the origin as shown 
m Fig 2b. The complex potential at infinity remains unchanged 
The flowfield can be solved in this plane by again representing 
the wings as symmetric vortex sheets, the fuselage automatically 



It was found, however, that the computation was raciliiated by 
inverting the Zj-plane onto a third plane 

Z, - t/Z, (4) 
The resulting configuration is shown in Fig 2c The fuselage is 
transformed into two slits along the v,-axis, both extending to 
infinity The wings becomes two slits which originate at ±3/8r on 




